A diagnosis of heart failure (HF) often requires a comprehensive lifestyle change to maintain disease stability. When patients with HF are married, the spouse frequently assumes the caregiving role. Our objectives were to describe the health of spouses of married patients with HF, and examine whether the health of a spouse impacts patient outcomes.
H eart failure (HF) is a chronic life-limiting syndrome that negatively impacts health and places a huge burden on society, patients, and families. Though advances in medical therapy have improved survival after diagnosis, the 5-year mortality is still ≈50%, 1,2 and HF contributes to 1 in 9 deaths each year. 3 In addition, patients continue to experience morbidity included repeated hospitalizations that are estimated to total ≥1 million annually in the United States. 4 Efforts to improve outcomes and manage symptoms in HF have focused on prescribing medications, dietary modifications, and exercise to improve hemodynamics and relieve congestion. However, the ability to comply with recommendations and maintain clinical stability relies on a supportive social environment. A key component of this social environment is the patient's family and friends who are involved with their daily care. Because a diagnosis of HF requires a comprehensive lifestyle change, including taking multiple daily medications, making dietary changes such as restricting sodium and fluid, exercising, and attending frequent clinical appointments, this primarily elderly population routinely require help with these tasks. 5 For individuals who are married, their spouse often assumes the caregiving role [6] [7] [8] ; as such, marital status has been associated with differences in outcomes in patients with cardiovascular disease. [9] [10] [11] [12] However, among married individuals with HF, we know little about the health of their spouses, and whether the health of a spouse affects patient outcomes. Furthermore, although the increased likelihood for a recently widowed person to die, the so-called widowhood effect, has been documented, [13] [14] [15] whether the widow's hospitalization risk increases after the death of a spouse with HF remains to be rigorously studied.
Leveraging our existing epidemiological cohort of patients with incident HF, we developed a novel method to electronically link patient data with their spouse's comprehensive longitudinal health history to test the hypotheses that (1) worse spousal health is associated with worse outcomes in patients with HF, (2) the widow's risk of both hospitalization and death increases after the patient with HF dies, and (3) the patient's risk of death and hospitalization increases after their spouse dies.
METHODS

Study Design and Setting
This study was conducted in Olmsted County, MN. Populationbased research is possible because there are few healthcare providers, the largest of which is Mayo Clinic. Medical records from all sources of care for residents are indexed and linked via the Rochester Epidemiology Project, 16 enabling longitudinal capture of care for the county's residents. This is a retrospective cohort study of patients with incident HF and their 
Identification of Spouses of Patients With HF
Spouses of patients with HF were identified using a multistep approach. First, we identified patients with incident HF that were married or had a life partner at diagnosis using information in the electronic medical record. For simplification, all couples are referred to as married. Next, the spouse's name was identified using patient contact information in the medical record and death certificate. Then, Rochester Epidemiology Project resources were used to identify the spouse's medical records. The accuracy of the identified spouse was verified using address matching and manual record review. For spouses whose names could not be located electronically, the patient's medical records were manually reviewed. When a potential spouse was identified, their medical records were manually reviewed to ensure that they were married to the patient.
In 43 cases, the patient and their spouse both had HF. If both developed HF in the study period, the partner that developed HF earlier was designated as the patient, and their partner as the spouse. When the spouse had HF diagnosed before the study period or before they were married to the patient, they were retained as the spouse.
Patient and Spouse Characteristics
Patient and spouse baseline characteristics were obtained from the medical record. The Charlson comorbidity index was used to assess comorbidity. 18 Difficulty with activities of daily living (ADL) and instrumental ADLs (IADLs) was assessed using responses from a Mayo Clinic survey that all patients are asked to complete annually and with each hospitalization. 19 Patient left ventricular ejection fraction was obtained from echocardiograms closest to HF diagnosis and within 1 year in all cases. For laboratory data (hemoglobin, sodium, and creatinine), the value closest to the date of HF diagnosis was used up to ±1 year. Anemia was defined using World Health Organization criteria. 20 Estimated glomerular filtration rate was calculated using the Modification of Diet in Renal Disease equation.
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Study Outcomes
Data on all-cause hospitalizations occurring in Olmsted County were obtained using Rochester Epidemiology Project resources. For patients hospitalized at HF diagnosis, only subsequent hospitalizations were analyzed. In-hospital transfers or transfers between Olmsted Medical Center and Mayo Clinic hospitals, the only hospitals in the county, were considered a single hospitalization. In addition to deaths noted in clinical care, the Mayo Clinic registration office records obituaries and local death notices, and death data are obtained quarterly from the State of Minnesota Department of Vital and Health Statistics.
Statistical Analysis
Baseline characteristics for patients and spouses were compared using paired t tests for continuous variables, Wilcoxon signed-rank tests for ordinal variables, and McNemar tests for binary variables. Baseline spousal health at HF diagnosis was assessed using the Charlson comorbidity index, the number of hospitalizations in the 2 years before the patient's HF diagnosis, and the spouse's reported difficulty with ADLs/ IADLs. The associations of baseline spousal health and patient hospitalization and mortality risk were assessed using Andersen-Gill 17, 22 and Cox proportional hazard regression models, respectively, adjusting for patient age, sex, and comorbidity. Ejection fraction (missing in 18.7% of participants) was adjusted for in a sensitivity analysis; as it made no difference in estimates, it was not included in the final models. Differences in associations by sex and age of the patient were tested by including interaction terms in the models. Patients were censored at last follow-up; in the hospitalization models, patients were also censored at death. The 4 couples that divorced during follow-up were censored at the time of divorce. We performed a sensitivity analysis where we censored patients at their spouse's last follow-up if this occurred first; results were similar and are not presented.
Rates of hospitalization in the spouse before and after patient death were calculated, and 95% Poisson confidence intervals (CIs) were estimated. The association of patient death with risk of hospitalization in the surviving spouse was examined using Andersen-Gill modeling. We modeled spouse hospitalization over time (beginning 2 years before the patient's HF diagnosis), treating patient death as a time-dependent covariate. The time scale was the age of the spouse. The association of patient death with risk of death in the surviving spouse was examined using Cox proportional hazard regression modeling. Patient death was treated as a time-dependent covariate, and the time scale was the age of the spouse. Models were adjusted for spouse sex and comorbidity. Differences in the associations by sex of the spouse were tested by including an interaction term in each of the models. The proportional hazards assumption was tested and found to be valid. A sensitivity analyses was performed excluding the 43 couples where both partners had HF, and no major differences in findings were observed (data not shown).
A similar analysis examining the impact of spousal death on patient outcomes was performed. The association of spousal death with risk of hospitalization in the surviving patient was examined using Andersen-Gill modeling. We modeled patient hospitalizations over time (beginning at incident HF date), treating spousal death as a time-dependent covariate. The association of spousal death with risk of death in the surviving patient was examined using Cox proportional hazard regression modeling, where patient death was treated as a time-dependent covariate. Models were adjusted for patient sex and comorbidity. Differences in the associations by sex of the patient were tested by including an interaction term in each of the models. Analyses were performed using SAS Version 9.4 (Cary, NC).
RESULTS
Of 2347 patients with incident HF from 2000 to 2012, 1112 (47%) were married at HF diagnosis. Of those who were unmarried, 780 (63%) were widowed, 231 (19%) were divorced, 196 (16%) were single/never married, and 28 (2%) had unknown marital status. Among the 1112 married patients, 1054 (95%) spouses were identified, of whom 905 (85.9%) met study entry criteria and were included in the analysis (Figure 1 ). There were 2 same-sex couples in our study. Patients with HF were older, more often male, and had more comorbidities than the spouses (Table 1) . However, spouses were also elderly (mean age, 71.4 years) and comorbidities including hypertension, diabetes mellitus, depression, and malignancy were common. One in 6 spouses reported difficulty with at least 1 ADL/IADL.
Associations of Spousal Health and Patient Outcomes
After a mean (SD) follow-up of 7.3 (3.6) years, 534 (59%) patients had died. In unadjusted analyses, the presence of comorbidities in the spouse was associated with increased risk of death after HF diagnosis in patients with HF (Table 2; Figure 2A ). However, after adjustment for patient age, sex, and comorbidity, associations were no longer statistically significant. The associations of spousal hospitalizations and difficulty with ADLs with patient death both followed a similar pattern ( Figure 2B ). Although patients whose spouses had ≥2 hospitalizations in the 2 years before HF were at increased risk for death ( There was a stepwise increase in patient hospitalization risk after diagnosis associated with increasing number of prior hospitalizations in spouses (Table 2) . However, after adjustment for patient age, sex, and comorbidity, the HR for hospitalization was near 1, regardless of the number of prior hospitalizations in the spouse. We found no statistically significant association of comorbidity or reported ADL/IADL difficulty in the spouse with risk of hospitalization in the patient after HF diagnosis. There were no statistically significant differences in the associations of spousal health and patient risk of hospitalization by age or sex of the patient (P values for interactions >0.05). 
Impact of Patient Death on Risk of Death and Hospitalization in the Surviving Spouse
The impact of patient death on the risks of death and all-cause hospitalization in the spouse is shown in Table 3 . In total, 251 (28%) spouses died during the study period, including 103 spouses that died whereas their partner with HF was still alive, and 148 spouses that died after their partner. After patient death, the risk of death in the surviving spouse markedly increased (adjusted HR, 2.10; 95% CI, 1.60-2.75; P<0.001). This association did not differ by sex of the spouse (P value for interaction=0.37).
When the patient was alive, the mean rate of hospitalization in the spouse per 100 person-years of followup was 21.5 (95% CI, 20.4-22.7). After patient death, the rate of hospitalization in the surviving spouse increased to 33.3 per 100 person-years of follow-up (95% CI, 30.9-35.8). Among all patient-spouse couples in this study (n=905), the risk of hospitalization in the surviving spouse increased by 21% (adjusted HR, 1.21; 95% CI, 1.01-1.45; P=0.038) after death of the patient. However, not all patients in this study died during the study period or when their spouse was still alive. When we restricted the analysis to couples where the patient died before spousal death or last follow-up (n=468 couples), the association of patient death with hospitalization risk in the surviving spouse was even stronger. Adjusting for spouse sex and comorbidity, the risk of hospitalization in the surviving spouse increased by 34% (HR, 1.34; 95% CI, 1.11-1.60; P=0.002) after patient death. However, the increased risk of hospitalization in the spouse after patient death differed by sex of the spouse (P value for interaction=0.010; Figure 3) . After a female patient with HF died, the surviving spouse's risk of hospitalization increased (HR, 1.82; 95% CI, 1.37-2.41). However, after a male patient died, their spouse's hospitalization risk did not increase (HR, 1.14; 95% CI, 0.91-1.42). 
Impact of Spousal Death on Risk of Death and Hospitalization in the Surviving Patient
The impact of spousal death on the risks of death and allcause hospitalization in the patient is shown in Table 4 . After spousal death, the risk of death in the surviving patient increased (adjusted HR, 1.44; 95% CI, 1.08-1.92; P=0.014). The association did not differ by sex of the patient (P value for interaction=0.36). After spousal death, the risk of hospitalization in the surviving patient did not change (adjusted HR, 0.88; 95% CI, 0.67-1.16; P=0.37). This association did not differ by sex of the patient (P value for interaction=0.87). When we restricted the analysis to couples where the spouse died before patient death or last follow-up (n=103 couples), there was still no association of spousal death with patient hospitalization risk (HR, 1.19; 95% CI, 0.91-1.56; P=0.20).
DISCUSSION
In this community cohort, the health of a spouse, measured 3 separate ways, had no independent association with patient outcomes after HF diagnosis. In contrast, the spouse's risks of death and hospitalization increased after the death of the patient with HF. While the risk of death increased in widowed men and women, the increased risk of hospitalization occurred only in male widowers. Finally, the patient's risk of death, but not hospitalization, increased after the death of their spouse. Informal caregivers are essential to the health and care of individuals living with chronic conditions such as HF. Prior studies of patient-caregiver dyads in HF have described caregivers as being older, 23, 24 and often measured quality of life and depression, 8 but details of their medical histories and chronic conditions were unknown. We found that spouses of patients with newly diagnosed HF were, on average, much healthier than the patients. They had fewer chronic conditions, less difficulty with ADL/IADLs, and most had not been hospitalized in the past 2 years. However, they were still elderly (mean age, 71 years), and ≈1 in 6 reported difficulty with mobility and other ADL/ IADLs, and some had been hospitalized multiple times. Understanding the health history and functional status of spouses of patients with HF is important to consider when planning for the care of patients with HF, as some married patients may require assistance with daily tasks that their spouses cannot physically provide. Although there has been increased recognition of the importance of identifying and clearly communicating care responsibilities with informal caregivers, 25 it is also essential to assess the health and well-being of those caregivers so that potential gaps in care can be addressed.
Although numerous studies have reported deleterious effects of caregiving on psychological and physical heath, 7, [26] [27] [28] we knew little about how the physical health of informal caregivers impacts the health and outcomes of patients with a chronic life-limiting condition such as HF. A 2016 meta-analysis summarized existing evidence on the associations of caregiver health with patient outcomes in HF. 29 Four studies reported that increased caregiver strain and psychologi- The hazard ratios and 95% confidence intervals (CIs) for risk of all-cause hospitalization after compared with before patient death, overall, and stratified by sex, are shown. This analysis includes the 468 couples in whom the patient died before the spouse. The P value for the interaction of patient death*sex=0.010. cal distress were associated with increased risk of shortterm clinical events in patients with HF. However, caregiver health was limited to measures of psychological health, and did not assess measures of physical health that require access to medical record information. In this analysis, after assessing spousal health in 3 ways (prior hospitalizations, comorbidities, and difficulty with ADLs/ IADLs), we found no independent associations of spousal health with patient outcomes after diagnosis. Although we observed increased risks of hospitalization and death in patients with sicker spouses before adjustment, these associations were eliminated by adjustment for age, sex, and comorbidity. An explanation of this could be that patients who are older and sicker tend to have spouses who are older and sicker, but the physical health of the spouse does not directly impact patient outcomes. Although spousal health at baseline was not associated with differences in subsequent patient outcomes, the patient's risk of death did increase after the death of their spouse. These findings in the context of prior research demonstrating that marriage is protective against some adverse outcomes, 9, 10 suggest that being in a committed relationship may be more important than a partner's physical health. However, as we only assessed spousal health at the time of HF diagnosis, it could also be that changes in spousal health over time can impact patient outcomes, and this could be explored in future studies.
The increased risk of death in a recently widowed individual-the so-called widowhood effect has been reported for spouses of patients with a variety of chronic conditions across the world. [13] [14] [15] 30 An analysis of married Medicare fee-for-service beneficiaries found that the risk of death in the widow increased >10% after death of a spouse with HF. 14 We found an even greater association in this study, as the risk of death in the widow more than doubled after death of the patient. Furthermore, we extended prior findings by examining the effects of widowhood on hospitalization risk. We found that, in addition to suffering excess mortality, widows are also more likely to be hospitalized. The excess risk of hospitalization was limited to men after death of their wife with HF. This is consistent with prior studies suggesting that sex differences in the widowhood effect exist and are stronger for male widows. 31 This may be because men are less likely than women to have social networks and struggle more to adapt to the loss of help with tasks at home. 32 Although the increase in risk of death was not as great for patients with HF that survived their spouse, they still experienced a 44% increased risk of death after their spouse died, demonstrating that the widowhood effect also impacts patients with HF.
Because >6 million Americans are living with HF, a condition with a median survival of only 5 years, 1,2 the increased risk of mortality and hospitalization imposed by widowhood is not trivial. Previous studies have suggested that the increased mortality associated with bereavement may not be a direct result of new or worsening physical disease, 33 though adverse psychological responses associated with acute grief 34 and cumulative wear and tear associated with caregiving of a dying spouse are likely contributing factors. 32 Further work is needed to delineate the pathways by which widowhood impacts health and outcomes. Recognition of this phenomenon would grant us an important opportunity to intervene with enhanced bereavement care and skill building to promote positive coping and independent functioning in the absence of a spouse.
Limitations and Strengths
There are limitations to acknowledge to aid in interpretation of these findings. First, we could not identify or include caregivers other than spouses in our analysis. Second, we do not have information on the burden of care that spouses experience, which may impact the associations observed. In addition, this reflects the experience of a single community, and findings in other populations may differ. Finally, hospitalizations occurring outside of Olmsted County were not captured. However, in Medicare-eligible Olmsted County residents, only 5% of all hospitalizations in 2005 were to hospitals outside of Olmsted County. There are also important strengths. We were able to link the comprehensive health histories of patients with their spouses. The lack of longitudinal health history of caregivers before an important diagnosis such as HF and throughout the course of care is considered a significant gap in the caregiving literature. 29, 35 This novel method of linkage could be utilized in future community-based epidemiological studies to explore the associations of patient and spousal health in HF and other chronic conditions.
Conclusions
This longitudinal community study of nearly 1000 couples demonstrates that the health of a spouse does not impact patient outcomes in HF. However, death of the patient with HF has a tremendous impact on the risk of hospitalization and death in their surviving spouse, and represents an important opportunity for enhanced bereavement care.
